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Objectives. This study sought o assess the reliability of bipla- 
nar transesophageal chocardiography in the diagnosis of ascend- 
ing aortic dissection and to test the utility of M-mode information 
in the differential diagnosis of ascending aortic ultrasound arti- 
facts and intimal flap images. 
Background. Transesophageal echocardiography is a useful 
technique in the diagnosis of aortic dissection. However, ultra- 
sound artifacts in the ascending aorta are an important limita- 
tion. 
Methods. Transesophageal chocardiography was performed in
132 consecutive patients with clinically suspected aortic dissec- 
tion. Two-dimensional nd M-mode echocardiography and color 
Doppler were used to diagnose intimal flap and artifact images. 
Diagnoses were validated either anatomically or with reference 
techniques. 
Results. The sensitivity and specificity of transesophageal cho- 
cardiography in the diagnosis of ascending aortic dissection were 
96.8% and 100%, respectively. Ninety-three artifacts were ob- 
served in 56 (55%) of 101 patients without ascending aortic 
dissection. Two-dimensional echocardiography easily identified 74 
artifacts (80%). Color Doppler showed no ascending flow abnor- 
malities in 71% of artifact images. M-mode echocardiography 
showed three location and mobility artifact patterns related to the 
posterior wall of the aorta or the right pulmonary artery. In 
contrast, intimal flap movement showed no relation to the aortic 
wall movement in 25 cases (83%). Blind analysis of transesopha- 
geal echocardiographic study tapes underlined the utility of M-mode 
in the differential diagnosis. Ranges of sensitivity, specificity and 
positive predictive value (established by including doubtful results 
as either positive or negative) improved from 87.1-93.5% to 93.5- 
to 96.8%, from 85.1-94.1% to 99-100% and from 65.9-81.8% to 
96.8-100%, respectively, with the inclusion of M-mode data. 
Conclusions. Biplanar transesophageal chocardiography per- 
mits reliable diagnosis of ascending aortic dissection. Ultrasound 
artifacts are common, but assessment of the location and mobility 
of intraluminal images by M-mode echocardiography definitely 
improves diagnostic accuracy. 
(J Am Coll Cardiol 1996;27:102-7) 
Transesophageal chocardiography is ahighly useful technique 
in the diagnosis of aortic dissection (1-10). Its principal 
advantages include high sensitivity (4,6), short examination 
time and the fact that it can be performed at the bedside of the 
patient. However, some studies (11,12) have recently described 
low diagnostic specificity (68% to 77%). Echocardiographic 
artifacts yield a significant number of false positive results, 
particularly in the ascending aorta (3,4,11-13), that account for 
the reduced specificity of transesophageal echocardiography. 
In a retrospective study of 36 patients with aortic disease, 
Appelbe et al. (14) described a 44% incidence of artifacts 
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associated mainly with dilation of the ascending aorta. Proper 
interpretation of artifacts by transesophageal echocardiogra- 
phy is essential for accurate diagnosis of ascending aortic 
dissection and crucial for the performance of emergency 
operations. Earlier experimental work (15-19) described if- 
ferent location and mobility ultrasound artifact patterns by 
M-mode echocardiography. The aim of the present study was 
to determine the diagnostic accuracy of biplanar transesopha- 
geal echocardiography in ascending aortic dissection and to 
test the utility of M-mode information in the differential 
diagnosis of ascending aortic ultrasound artifacts and intimal 
flap images in a large series of patients with clinically suspected 
aortic dissection. 
Methods  
Patients. One hundred thirty-two consecutive patients (97 
men, 35 women; 18 to 79 years old, mean age 55) with clinically 
suspected aortic dissection were prospectively studied by trans- 
esophageal echocardiography. Patients who had undergone 
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ascending aortic surgery or those with endovenous catheters in
cardiac chambers at the time of the study were excluded. No 
patients were studied while receiving mechanical ventilation. 
Transesophageal echocardiography. Echocardiographic 
examination was performed with a Hewlett-Packard Sonos 500 
or Vingmed CFM 800 Sonotron apparatus. The transesopha- 
geal echocardiography was performed with 5-MHz transducers 
using biplane (n = 91) or multiplane probes (n = 41). All 
images obtained during echocardiographic study were re- 
corded on Panasonic videotape. 
Transesophageal chocardiography was performed after a 
fasting period of 3 h. Premedication with 4 to 10 mg of 
intravenous midazolam was administered, and arterial pres- 
sure monitored in patients with hemodynamic instability. An 
image of the descending aorta was obtained after the insertion 
of the probe; gradual rotation and withdrawal of the probe 
provided mapping of the ascending aorta and aortic arch. In all 
cases the thoracic aorta was visualized in transverse and 
longitudinal planes. 
The diagnosis of ascending aortic dissection was made if two 
vascular lumina separated by the intimal flap were observed. 
When the false lumen image suggested thrombosis, central 
displacement of the intimal calcifications was considered in- 
dicative of dissection (4). Ultrasound artifact was diagnosed by 
two-dimensional echoeardiography when a linear image inside 
the aortic lumen showed absence of rapid oscillating move- 
ment and continuity at different levels of the ascending aorta, 
or when it had poorly defined borders with extension through 
the aortic wall (14). Color Doppler was used to assess any 
modification i the flow pattern of the ascending aorta. 
All intraluminal images in the ascending aorta were studied 
as perpendicularly as possible to the ultrasound beam by 
M-mode echocardiography. Artifact images were considered 
when location and mobility patterns uggestive of reverbera- 
tions of structures nearest to the transducer were obtained, as 
described previously (15-19) and applied by us in the assess- 
ment of intraluminal images of the ascending aorta by trans- 
esophageal echocardiography in a preliminary series (20,21). 
Intimal flap was diagnosed by M-mode when an intraluminal 
image suggestive of dissection by two-dimensional echocardi- 
ography had free movement or did not have location and 
mobility characteristic of an artifact pattern. 
Study design. All 132 patients who presented with clinically 
suspected issection of the thoracic aorta underwent an initial 
screening with transesophageal chocardiography. Diagnoses 
of intraluminal images in ascending aorta by transesophageal 
echocardiography were compared and validated against find- 
ings at operation, necropsy or magnetic resonance imaging 
(MRI). 
The accuracy of biplanar transesophageal chocardiogra- 
phy in the diagnosis of ascending aortic dissection was assessed 
at the time of the study using overall two-dimensional, M- 
mode and color Doppler information. Given the difficulty of 
routinely assessing the independent contribution ofM-mode to 
the overall diagnostic information while performing the pro- 
cedure, ablind additional nalysis of transesophageal ehoear- 
diographic study tapes was carried out at the end of the series 
to calculate diagnostic accuracy with and without M-mode 
data. One independent observer, who had been unrelated to 
the study and was experienced in transesophageal chocardi- 
ography, assessed in blinded manner the complete video 
recordings of all the studies without access to clinical data on 
the patients. This observer had to establish the diagnosis of 
ascending aortic dissection first by two-dimensional echocardi- 
ography and color Doppler alone and later with the addition of 
M-mode information. Cases in which diagnosis was not defin- 
itive were considered doubtful. 
Reference techniques. In 87 patients with intraluminal 
images in the ascending aorta by transesophageal chocardi- 
ography, diagnoses were compared and validated against find- 
ings at operation (n = 27), necropsy (n = 2) and MRI (n = 54). 
Aortography plus computed tomographic scanning was ac- 
cepted as a technique of reference in four patients with 
metallic valve prostheses in whom MRI could not be per- 
formed. 
To validate negative findings in 45 patients without intralu- 
minal images in the ascending aorta, MRI was performed in15 
patients diagnosed as having type B dissection by transesoph- 
ageal echocardiography, and computed tomography scanning 
was performed in 30 patients with normal transesophageal 
echocardiographic studies. 
Statistical methods. Numeric values are reported as mean 
value + SD. Statistical analysis of difference among roups was 
assessed by the Student unpaired t test. The chi-square test 
was used to compare categoric variables. A p value < 0.05 was 
considered statistically significant. Sensitivity and specificity 
were determined from the percent of true positive and true 
negative results; sensitivity and specificity ranges were ob- 
tained when the results of doubtful cases could have been 
considered as either negative or positive. 
Results 
Sixty-five patients were diagnosed with definite aortic dis- 
section by reference techniques (31 type A, 34 type B). 
Transesophageal echocardiography showed an intraluminal 
echocardiographic image in the ascending aorta, either intimal 
flap or artifact, in 87 patients. On the basis of information from 
two-dimensional echocardiography, color Doppler and M- 
mode echocardiography at the time of the study, the sensitivity 
and specificity of transesophageal chocardiography for the 
detection of ascending aortic dissection was excellent (Table 
1). Transesophageal echocardiography missed one type A 
dissection confined to the upper third of the ascending aorta, 
which was diagnosed as thrombosed aneurysm, and no false 
positive diagnoses of ascending aorta dissection were made. 
Two-dimensional echocardiography. Transesophageal 
echocardiography showed artifacts in 56 (55%) of 101 studies 
in patients without ascending aortic dissection. More than one 
artifact image was obtained in 31 patients; total artifact images 
in the series were 93. Twenty-one artifacts were located in the 
aortic root, 26 in the lower third of the ascending aorta and 46 
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Table 1. Diagnosis of Ascending Aortic Dissection by Biplanar 
Transesophageal Echocardiography 
Sensitivity 96.8% 
Specificity 100% 
Positive predictive alue 100% 
Negative predictive alue 99.0% 
in the middle third of the ascending aorta. Artifacts were 
parallel to the posterior aortic wall in 88 cases and tangential 
to it in 5. 
Fifty-six artifacts were faint localized linear images; 12 were 
poorly defined; 6 extended beyond the aortic wall; and 19 were 
intense, extended images showing a flaplike echo. Therefore, 
74 artifacts (80%) were easily identified by two-dimensional 
echocardiography. Maximal aortic diameter was significantly 
greater in patients with artifacts (45.7 _+ 9.3 cm) than in those 
without artifacts (34.4 + 5.2 cm) (p < 0.001). 
Of 30 cases diagnosed as ascending aortic dissection by 
transesophageal echocardiography, the proximal part of the 
intimal flap was observed in the aortic root in 24 and in the 
middle of the ascending aorta in 6. In another patient in whom 
transesophageal echocardiography missed the diagnosis, the 
intimal flap was confined, as previously mentioned, to the 
upper third of the ascending aorta. 
Color Doppler. No flow abnormality was detected in the 
ascending aorta in the majority of studies with artifacts (66 
[71%] of 93). In 15 cases (16%), no flow was detected between 
the artifact image and the aortic wall. However, adifferent flow 
pattern was obtained on both sides of the artifact in 12 cases 
(13%) as a result of the eccentric direction of aortic valvular 
flow. In contrast, color Doppler showed a different flow pattern 
on both sides of the intimal flap in 23 (77%) of 30 cases with 
ascending aortic dissection diagnosed by transesophageal 
echocardiography; there were no differences in 2 cases (6%), 
and no flow was detected in the false lumen in 5 (17%). 
M-mode echoeardiography. Eighty-eight intraluminal im- 
ages parallel to the posterior aortic wall fulfilled criteria for 
echocardiographic reverberations. They were classified as 
three different ypes: 
Type A included 47 artifacts that were located twice as far 
from the transducer as the posterior aortic wall, and their 
movement was parallel to the posterior aortic wall but with 
double displacement amplitude (Fig. 1). 
Type B included 35 artifacts that were at the same distance 
from the posterior aortic wall as the latter was from the right 
pulmonary posterior wall. Type B artifact movement was 
related to the movement of the posterior aortic wall and right 
pulmonary artery posterior wall. In cases in which the ampli- 
tude of movement of the posterior aortic wall was greater than 
the amplitude of the movement of the right pulmonary artery 
posterior wall, the artifacts had more movement amplitude 
than the posterior aortic wall (n = 14 [40%]) (Fig. 2). If both 
structures had similar movement amplitudes, the artifact had 
movement amplitude similar to that of the posterior aortic wall 
(n = 18 [52%]). When the aortic wall was immobile, artifact 
Figure 1. Transesophageal chocardiographic study showing a type A 
artifact in the lower third of the ascending aorta (AO). Top panel, 
Two-dimensional images how the artifact (arrows) in the transverse (T) 
and longitudinal imaging planes (L). Bottom panel, M-mode image shows 
the artifact (A) to be type A, located at twice the distance from the 
transducer as from the posterior aortic wall (PAW) and with movement 
parallel to that of the posterior aortic wall but with twice the amplitude of 
displacement. LA = left atrium; AAW = anterior aortic wall. 
movement was the inverse of that of the right pulmonary artery 
posterior wall (i.e., a mirror image of it) (n = 3 [8%]) (Fig. 3). 
Type C included six localized linear artifacts that were at the 
same distance from the posterior aortic wall as a reverberation 
Figure 2. Top panel, Two-dimensional images how an artifact (ar- 
rows) in the middle third of the ascending aorta in the transverse (T) 
and longitudinal planes (L). Bottom panel, M-mode image shows the 
artifact (B) to be type B. This artifact is located at twice the distance 
from the right pulmonary, artery posterior wall (RPPW) as from the 
posterior aortic wall (PAW). Its movement is parallel to that of the 
posterior aortic wall, but with greater displacement amplitude. A type 
A artifact (A) can be seen between the type B artifact and anterior 
aortic wall (AAW). AO = ascending aorta; PA = main pulmonary 
artery; RPA = right pulmonary artery. 
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Figure 3. Transesophageal echocardiographic study. Top panel, Two- 
dimensional images show an artifact (arrows) in the middle third of the 
ascending aorta in the transverse (T) and longitudinal (L) planes. 
Bottom panel, M-mode image shows that he artifact (B) is type B. The 
artifact movement is inverse to that of the right pulmonary artery 
posterior wall (RPPW). Other abbreviations as in Figures 1 and 2. 
from the right pulmonary artery posterior wall. All type C 
artifacts had movement parallel to the posterior aortic wall 
(Fig. 4). 
Twelve of 19 artifacts showing a flaplike echo by two- 
dimensional echocardiography were type A, and 7 were type B. 
Intimat flap movement showed no relation to aortic wall 
movement in 25 cases (83%) (Fig. 5) and was completely 
parallel to the posterior aortic wall in five of six retrograde 
ascending aortic dissections (Fig. 6). 
Blind analysis of transesophageal echocardiographic study 
tapes. When tapes were assessed in blinded manner by one 
independent observer at the end of the series, six false positive 
diagnoses of ascending aortic dissection were made using 
two-dimensional echocardiography and color Doppler data 
without M-mode information. A definitive differential diagno- 
sis between artifact and intimal flap images could not be made 
in 11 cases: 2 with retrograde ascending aortic dissections and 
9 with artifact images. False negative diagnoses were made in 
two cases: one dissection that involved only the upper third of 
the ascending aorta and one retrograde dissection diagnosed 
as an artifact. Nine of the 15 artifact images not correctly 
identified were type A, and 6 were type B. 
When the location and mobility of images were also con- 
sidered by M-mode echocardiography, nofalse positive diag- 
noses of ascending aorta dissection were made. In only two 
cases was it not possible to establish a definitive diagnosis 
between type B artifact with movement parallel to the poste- 
rior aortic wall and retrograde dissection, and one false 
negative diagnosis was made. Table 2 shows the range of 
sensitivity and specificity both with and without M-mode 
echocardiographic data. 
Figure 4. Transesophageal echocardiographic study in the transverse 
plane. Top panel, Two-dimensional image shows two artifacts. One 
(large arrow) is located within the ascending aorta (AO), and the other 
(two small arrows) is in the right pulmonary artery (RPA). Bottom 
panel, M-mode image shows a type C artifact (C) in the ascending 
aorta. This artifact is at the same distance from the posterior aortic 
wall (PAW) as the reverberation (R)from the right pulmonary artery 
posterior wall (RPPW) is from the latter structure. Type C artifact has 
movement parallel to that of the posterior aortic wall. Other abbrevi- 
ations as in Figure 2. 
Discuss ion  
The present study demonstrates that biplanar transesopha- 
geal echocardiography permits reliable diagnosis of ascending 
aortic dissection when two-dimensional, M-mode and color 
Doppler information is considered. Several studies have re- 
ported high sensitivity in the diagnosis of aortic dissection 
(4-6,10-13). However, the presence of artifacts in ascending 
aorta has given rise to frequent false positive diagnoses 
(3,4,11-13). Nienaber et al. (11,12), using predominantly 
monoplanar transesophageal chocardiography, found a spec- 
ificity of only 73-77%, which would question the sole use of 
linear echo densities in ascending aorta for the diagnosis of 
dissection. In our series, routine assessment of the location and 
mobility of images within the aortic lumen by M-mode echo- 
cardiography permitted correct differentiation of intimal flap 
and artifact images, thereby significantly improving specificity 
of the technique. 
Prevalence and features of artifacts by two-dimensional 
echocardiography. Minimal artifacts in the ascending aorta 
are relatively frequent (14). In the present study, 55% of 
patients with clinically suspected aortic dissection had artifacts 
that needed to be distinguished from a true intimal flap. 
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Figure 5. Transesophageal echocardiographic study in longitudinal 
imaging plane. Top panel, Two-dimensional image showing an intimal 
flap (large arrow) and artifact (small arrow) in the aortic root. Bottom 
panel, M-mode echocardiographic study shows the intimal flap (F) 
movement to be unrelated to that of the posterior aortic wall (PAW). 
In contrast, ype A artifact (A) has movement parallel to that of the 
posterior aortic wall, but with double displacement amplitude. Other 
abbreviations a in Figure 1. 
Figure 6. Transesophageal chocardiographic study in transverse im- 
aging plane in a patient with retrograde ascending aortic dissection. 
Top panel, Two-dimensional image showing an intimal flap (arrow) in 
ascending aorta (AO). Bottom panel, M-mode echocardiographic 
study shows that the intimal flap (F) movement is closely parallel to 
that of the posterior aortic wall (PAW). Other abbreviations as in 
Figure 1. 
However, the majority of artifacts (80%) had features that 
facilitated diagnosis by two-dimensional echocardiography. 
Most artifacts parallel to the aortic wall appeared as faint 
linear images in the center of the lumen with little longitudinal 
extension to the ascending aorta; others were poorly defined 
and extended beyond the aortic wall. 
Color Doppler. Color Doppler assists the differential diag- 
nosis between artifacts and intimal flap. Most artifacts produce 
no apparent interruption of the pattern of flow in the ascend- 
ing aorta, and a different flow pattern is generally associated 
with dissection. However, color Doppler imaging may be 
misleading (14) when the artifact is located in the aortic root 
and aortic valve disease is present. Conversely, when the 
artifact is located near the aortic wall, the presence of flow 
between the two images is very difficult to observe. The same 
pattern may be found in retrograde ascending aortic dissection 
when the false lumen is thrombosed (22). 
M-mode echocardiography. Clinical and experimental 
works in earlier eports have shown different ultrasonic artifact 
patterns in cardiac studies, with typical ocation and movement 
(15-17). In the present study, we found some of these artifact 
patterns to be helpful in differentiating true intimal flap from 
reverberation images. According to this interpretation, type A 
artifact would be generated when the echo of the posterior aortic 
wall is partly bounced back from the transducer (15,17,18). Type 
B artifacts would correspond to another known pattern of echo- 
cardiographic reverberation (15,17,19) from a moving target (in 
the present study, fight pulmonary posterior wall) and a moving 
mirror (posterior aortic wall). Type C artifacts would be gener- 
ated when the echo of the fight pulmonary artery posterior wall 
bounces back from the transducer. 
Unlike artifacts, intimal flap movement was unrelated to 
that of the aortic wall in 83% of cases. Parallel motion (17%) 
was seen only when retrograde dissection with thrombosis or 
very low flow in the false lumen was present (2,22-24). In these 
cases, assessment of the movement pattern alone may not be 
helpful in differentiating retrograde dissection from type C or 
even some type B artifacts. The presence of a reverberation i  
the right pulmonary artery and the location and extension of 
Table 2. Diagnosis of Ascending Aortic Dissection in Blind 
Transesophageal Echocardiographic Study Tape Analysis 
Range 
Without With 
M-Mode M-Mode 
Sensitivity 87.1-93.5% 93.5-96.8% 
Specificity 85.1-94.1% 99,0-100% 
Positive predictive alue 65.9-81.8% 96.8-100% 
Negative predictive alue 95.9-97.7% 98.1-99.0% 
Each range of values was established by considering doubtful cases as either 
negative orpositive. 
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these intraluminal images hould permit correct identification 
in most cases. 
Usefulness of location and mobility patterns. Blind assess- 
ment of the transesophageal echocardiography tapes under- 
lined the usefulness of studying location and mobility patterns 
of intraluminal images of the ascending aorta. Two- 
dimensional echocardiography and color Doppler did not 
permit the differential diagnosis between artifact and intimal 
flap in 11 cases and gave rise to interpretational errors in 7 
cases; thus, accurate diagnosis could not be made in 18 
(21.3%) of 87 studies with intraluminal images in the ascend- 
ing aorta. However, no diagnostic errors were produced when 
M-mode echocardiographic data were considered, and in only 
two cases (2.3%) was it not possible to establish a definitive 
differential diagnosis between type B artifact with movement 
parallel to the posterior aortic wall and retrograde dissection. 
M-mode information yielded improved sensitivity, specificity 
and positive predictive value of transesophageal chocardiog- 
raphy and decreased significantly their value ranges. Such 
narrowing of ranges occurred as the number of doubtful cases 
decreased from 11 to 2 when M-mode was included in the 
evaluation (Table 2). 
Clinical implications. Biplanar transesophageal chocardi- 
ography permits reliable diagnosis of ascending aorta dissec- 
tion using two-dimensional, M-mode and color Doppler infor- 
mation. Ultrasound artifacts are common in the ascending 
aorta, particularly if the aorta is dilated. Most artifacts are 
easily diagnosed by two-dimensional echocardiography and 
color Doppler. However, better differentiation from intimal 
flap may be obtained when artifact location and movement are 
assessed by M-mode echocardiography. Intraluminal images 
with predictable ocation and movement patterns related to the 
posterior aortic wall (artifact pattern) are easily distinguished 
from the intimal flap of the retrogradely ascending aortic 
dissection. Free oscillating movement not related to the aortic 
wall is diagnostic of aortic dissection. In the present study, we 
encountered four different ypes of artifacts (one tangential and 
three types of parallel artifacts). Although these artifacts may be 
the most frequent in the ascending aorta, other, different types of 
artifacts could be present in clinical practice. All ultrasound 
imaging techniques lead to artifacts related to resolution, propa- 
gation path and attenuation (25). Understanding of the types and 
origins of ultrasound artifacts is important to avoid false positive 
diagnoses of ascending aortic dissection. 
We are indebted to Caries Brotons, MD, for statistic help and Christine O'Hara 
for careful and critical review of the English version of the manuscript. 
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